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Common integrated vegetation management (IVM) practices including herbicide
and mowing applications on right-of-ways and forages were evaluated on green
antelopehorn populations near Starkville, MS. Live stems in each plot were counted prior
to treatment application and approximately one year after treatment (YAT). Analysis of
the stem counts 1YAT indicated aminopyralid+metsulfuron, imazapyr, picloram+2,4-D,
maximum rates of triclopyr ester or choline, glyphosate,
imazapyr+aminocyclopyrachlor+metsulfuron reduced the number of green antelopehorn
stems compared to the untreated. Aminocyclopyrachlor,
aminocyclopyrachlor+chlorsulfuron, aminopyralid, aminopyralid+2,4-D, dicamba+2,4-D,
foramsulfuron+iodosulfuron+thiencarbazone, fluroxypyr, hexazinone, metsulfuron,
metsulfuron+chlorsulfuron, nicosulfuron+metsulfuron, sulfometuron, sulfosulfuron or
low rates of triclopyr did not reduce the stem count 1YAT when compared to the
untreated. Mowing timing and frequencies applications were initiated May through July
and evaluated through August. Mowing early in the season increased milkweed stems
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one month after treatment versus late season mowings. Majority of milkweed plants
developed mature seed pods and senesced by early August.
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CHAPTER I
INTRODUCTION
Pollinators
The United States economy, food system, and environmental health are greatly
impacted by pollinators such as bees, birds, bats, and butterflies. Estimates of the U.S.
honey bee population decreased from 6 million to 2.5 million between 1947 and 2014
(Perciasepe & Harden 2014). The estimated value of honey bee pollination is well over
$15 billion, and other pollinators contribute another $9 billion toward agriculture
production (Perciasepe & Harden 2014). Populations of another pollinator, the monarch
butterfly (Danaus plexippus), decreased similarly, with record low populations the winter
of 2013-2014. The 2013-2014 overwintering monarch population estimated in Mexico
only occupied 0.67 hectares versus the 11.12 hectare estimate of 2003-2004 winter or
18.19 hectares estimate of the winter of 1996-1997 (Figure 1.1) (Vidal & Rendón-Salinas
2014). The current 2017-2018 population overwintering in Mexico reported by WWFTelmex Telcel Alliance occupied 2.48 ha (Vidal & Rendón-Salinas 2014).
In 2014, President Obama issued a memorandum to create a federal strategy to
protect honey bees and other pollinators. Several mandates were issued to create a Task
Force to create a pollinator action plan, raise public awareness of the importance of
pollinators, and create public-private partnerships to promote pollinator habitat. The
overall goal and purpose of the Task Force was to increase and improve pollinator habitat
1

throughout the United States. Honey bees are of the most concern due to the larger
purpose they have for food production, but monarch butterflies were also included due to
the iconic status of that species combined with record low population measured in 20132014 combined. The Task Force called for an additional 2.8 million hectares of habit for
pollinators (Obama 2014).
The federal government memorandum stated six objectives of the Task Force
action plan: 1) determine contributors toward pollinator species decline followed by
sharing and providing this information and status; 2) assessments of the status of the
native pollinators including bees and the monarch butterfly populations and native
habitat; 3) development of seed mixes to include pollinator friendly plant species to be
used in restoration projects; 4) determine new and existing methods to reduce pollinator
exposure to pesticides; 5) identifying ways to control bee pests and diseases; and 6)
identify areas that have the greatest benefit potential from restoration resources (Obama
2014).
The Task Force public education plan included broadening public knowledge of
the pollinator population loss. It should also create educational programs with methods
individuals and businesses can complete to increase pollinator populations. The public
education plan must target areas to increase public awareness and ways to protect
pollinators (Obama 2014).
The Task Force public-private partnership plan objectives are to extend the
federal government efforts toward other organizations and government agencies (Obama
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2014). The federal government acknowledges success will require efforts from everyone
to increase pollinator populations.
This memorandum issued by Obama (2014) outlined several ways to
improve pollinator habitats. One methods is to change vegetation management methods
on power lines, pipelines, and other right-of-ways that improve habitat through the use of
integrated vegetative management (IVM) and adopt pollinator friendly management
practices. Another directive is for the U. S. Department of Agriculture (USDA) to
develop new management practices and landscaping projects on all federal land; a reserve
of native seeds will also be established to be used in restoration projects. USDA is also
responsible for increasing acreage of Conservation Reserve Program (CRP) and
encouraging landowners to plant pollinator friendly plants. The Federal Highway
Administration has been ordered to work with state transportation departments to create
best practices on roadsides to increase pollinator habitat. The Department of Defense
(DoD) is required to use pollinator friendly landscaping and reduce pesticide applications
on managed land. The Army Corps of Engineers has 4.8 million hectares of land across
the country and must also develop pollinator friendly habitats. The Environmental
Protection Agency must evaluate the effect of pesticides on pollinator health (Obama
2014).
Monarch Migration and Milkweed
Although the monarch butterfly is not as important for commercial agriculture as
the bee, it is very an important pollinator for milkweeds and wildflowers that are essential
for plant diverse ecosystems. The monarch is known as one of the most recognized
3

butterflies in North America for its iconic continental migration (Pollinator Partnership
Action Plan Whitehouse). There are two migration populations of the monarch: east and
west of the Rocky Mountains. The western population migrates to California along the
Pacific Coast (Espeset et al. 2016). The much larger population east of the Rocky
Mountains migrates to the Oyamel forest of central Mexico (Urquhart and Urquhart
1976; Miller et al. 2012). There are two reasons for the large migration pattern of the
monarch butterfly: in fall, they must migrate to overwintering sites to prevent extinction
caused by freezing winter temperatures and the spring migration north is in search of
plants of the Asclepias genus (milkweed) which is the sole host for larvae development,
are essential for perpetuation of the species. The monarch butterfly has a unique
relationship with milkweed, as it is the only species used for egg deposition. Pocius et al.
(2018) conducted a study in Iowa in which he observed monarch female oviposition. He
concluded the females will lay eggs on all nine species of Asclepias that were present in
the experiment. Scudder (1881) noted that any species of Asclepias was food plants for
caterpillars of Danaus plexippus and the time required for egg development into adult
averaged one month. The cycle begins when an adult monarch female lays eggs on the
milkweed. Eggs hatch into larvae (caterpillars) that feed on the milkweed leaves. Each
larva then forms a chrysalis before reaching the butterfly stage. As the sole host for
oviposition, milkweed populations are essential to prevent extinction of monarch
butterflies.
The environmental group, MonarchWatch, concluded monarch butterfly
population decline was an indirect consequence of milkweed population decline due to
increased crop production combined with herbicide use in agriculture, roadsides, and
4

other vegetation management areas. Pleasants and Oberhauser (2013) concluded that the
major decline in monarch populations came in the late 1990s and early 2000s which
coincided with the expanded cultivation of genetically modified glyphosate resistant crop
(GMO) production. According to Bhowmik (1994), glyphosate was one of the few
herbicides that provided satisfactory control of milkweeds at 70 percent. Herbicides, such
as 2,4-D, 2,4,5-T, silvex, simazine, and MCPA were ineffective for control of climbing,
common, showy, and western whorled milkweed (Dunham 1965).
Biology of Milkweed
Georgia (1914) listed four species of the Asclepias genus as some of the most
troublesome weeds in the United States and Canada. Plants in the genus Asclepias are
perennial broadleaf plants commonly found in pastures, hayfields, cultivated areas, and
right-of-ways with loamy soil textures. Plants of the Asclepias genus have erect stems
and all, except butterfly milkweed (A. tuberosa), contain a white milky latex. Milkweeds
have very large, creeping lateral roots capable of storing great amounts of carbohydrates
(Bhowmik 1994). These plants are very deep rooted, which helps sustain growth during
periods of drought. Asclepias have umbel flowers at the tip of the stem, which range in
color from purplish to pink, white, or orange depending on the species. Leaves can be
opposite to weakly alternate, like Asclepias viridis Walter (Cheatham 2000). Leaf blades
are smooth margined with a smooth surface on top. Flowers develop into pods (follicles)
that contain seed with a tuft of hairs at one end to assist in distribution. Seed are dispersed
by wind, float in water, and attach to animal fur. According to Anderson (1999), an
established plant is capable of spreading up to ten feet in one growing season under
optimum conditions. Milkweed plants contain glycosides that affect the heart and can be
5

toxic to mammals (Blackwell 1990). This toxicity makes milkweed undesirable to
herbivorous, except monarch larva which is the only species that can consume foliage
without injury. Studies have shown that these toxic glycosides are transferred into
monarch larva and the adult butterfly to provide carnivore protection (Blackwell 1990).
Although some milkweeds have been suggested as edible for human consumption after
being cooked, all species that have been closely studied show some quantities of
cardiotoxic compounds in raw form (Blackwell 1990, Fernald et al. 1958). Milkweed is a
troublesome weed in row crops due to the reproductive capacity of root segments cut,
spread, and broadcast by tillage equipment. A one inch section of root has the potential to
create a new shoot (Anderson 1999).

Figure 1.2

View of a typical green antelopehorn plant. Notice the large tuber
compared to a 0.59 l water bottle.

In pastures and hayfields, green antelopehorn populations may be enlarged by
mowing mature plants which forces new shoot emergence due to removal of apical
dominance. This has been observed between cuttings of hay fields multiple times a year
(J Byrd, personal communication). Bhowmik (1994) stated that in a 4-year period, one
6

seedling yielded as many as 56 vegetative stalks in an undisturbed area due to the
extensive root system. He also found 21 days after germination, seedlings develop new
vegetative shoots from adventitious root buds (Bhowmik 1994). The majority of
milkweed control research has been completed in row crop cultivation where it has been
known to cause drastic yield losses. In addition to the negative impact on crop yields,
milkweeds sap creates a sticky surface that can accumulate dust and vegetative debris
which increases the risk of fire on harvest machinery (Anderson 1999).
Milkweed Distribution on Right-of-Ways
According to USDA Plants Database (http://plants.usda.gov/java/accessed
12/05/2016) 20 species of milkweed occur in MS. A state-wide survey for the Mississippi
Department of Transportation identified three species on state maintained highway rightof-ways: Michaux’s milkweed (Asclepias michauxii Decne), common milkweed
(Asclepias syriaca L.), and green antelopehorn (Asclepias viridis Walter) (Maddox
personal communication). Green antelopehorn was the most common of the three
species, as it was found in 4 of 800 plots, while common milkweed was observed in two
plots and Michaux’s milkweed occurred in just one plot out of 800 total. (Maddox et al.,
unpublished). The survey verifies milkweeds are not frequently found on MDOT
maintained highway right-of-ways. Right-of-ways plots that contained green
antelopehorn did not contain dense populations as visual estimates of percent ground
cover was only 3%. Populations of the other milkweeds were also low. Common
milkweed only had a 2% visual cover, while Michaux’s milkweed was estimated at only
1% plot cover. Although butterfly milkweed (Asclepias tuberosa) was not detected in the
highway right-of-ways survey, it has been observed with some frequency in the upper
7

coastal plains and loess bluffs along county roadside and electric utility right-of-ways (J
Byrd, personal communication).
There is a great opportunity to create pollinator habitat on electric utility as well
as gas pipeline right-of-ways. Numerous pollinator plants are short statured with
herbaceous vegetation and both annual and perennial lifecycles. These plants have no
potential to damage the electrical network grid nor pipeline integrity. There are over
322,000 km of high voltage transmission lines (144 kV or greater) in the United States
transmission grid that supply power across the country (Anonymous 2012). As of 2015,
there is over 330,000 km of hazardous liquid pipeline in the U.S (Anonymous 2015a).
The same report stated over 3.2 million km of distribution (main and service) natural gas
pipelines along with about 480,000 km of transmission pipelines across the United States
(Anonymous 2015a).
The amount of right-of-ways with roadsides, electric transmission lines, and
pipelines provide an excellent location to improve pollinator habitat. Pollinator habitat
cultivation on right-of-ways should be a positive public relations endeavor by
Departments of Transportation and utility companies. Pipeline and electric utility line
right-of-ways provide good opportunities to promote pollinator habitat because an
integrated approach to vegetation management is used to control woody shrubs and trees
with potential to damage the utility investment. This practice could promote milkweed
populations by removing overstory competition. These areas provide large amount of
land area that would be excellent for improving pollinator habitat. The memorandum that
President Obama signed stated that power line, pipeline, and other right-of-ways would
be utilized to improve pollinator habitat (Obama 2014).
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According to Mississippi Department of Transportation, 47,926 km of highway
and 56,736.5 ha of mowable right-of-ways are maintained throughout Mississippi (J
Thorne, personal communication). There are over 14,000 km of maintained electric
utility transmission lines (Anonymous 2012b) in Mississippi. South Mississippi Electric
Power Association has around 2,800 km according their annual report (Anonymous
2016a). Tennessee Valley Authority maintains around 3,300 km of transmission lines
throughout the northern and central eastern part of the state (Anonymous 2015b).
Mississippi Power has 10,900 ha of right-of-ways on about 3,300 km of lines
(Anonymous 2016b). Entergy also has several thousand km of transmission lines to
maintain. While not every acre of electric or gas utility or highway right-of-ways is
suitable for milkweed or other pollinator habitat, there are many hectares that would be
deemed suitable. Utilization of this area could be mutually beneficial to the utility
company to generate positive public relations, prevent growth to damage the investment,
and provide pollinator habitat. The majority of these right-of-ways are already under an
integrated vegetation management program to control brush through mowing and
selective herbicide applications. Excellent areas for milkweed production and cultivation
on utility lines would be places where these transmission lines and pipelines intersect
roads, thus increasing public visibility and creating a positive public relations campaign
for the utility industry. This could help strengthen relationships with the public and
energy companies to show that the pollinators are important to everyone. Milkweed
flowers would enhance beautification and increase aesthetics, and also provide monarch
butterfly habitat. The opportunity exists to create a mutually beneficial habitat for both
pollinators and short stature vegetation that does not damage the utility investment.
9

Impact of Mowing on Milkweed
Fischer et al. (2015) investigated the effect of mowing milkweed in a study in
New York in 2006. The study compared an early (July 1), mid- (July 24), and late(August 17) season mowing with a rotary mower to not mowed. Milkweed regrowth was
observed from both the early- and mid-season mowing, although regrowth was not
observed following the late mowing (Fischer et al. 2015). Higher densities of monarch
butterfly eggs were observed in the milkweed regrowth of the mowed treatments
compared to those not mowed late in the growing season (Fischer et al. 2015). Based on
these results, monarch habitat was increased by early- and mid-season mowing.
Milkweed plants in the not mowed control matured at the end of July and started to show
chlorosis followed by necrosis as the season progressed (Fischer et al. 2015). A better
understanding of milkweed recovery potential relative to mowing timing and monarch
migration could provide valuable information to improve monarch habitat as mowing is a
frequently used mechanical vegetation management practice for right-of-ways, pastures,
as well as conservation reserve program (CRP) lands. Most MDOT maintained highway
right-of-ways are mowed once or twice a year, but certain metropolitan areas are mowed
more frequently (J Thorne, personal communication). A better understanding of the
impact of mowing, combined with milkweed response to herbicides, could generate data
to develop the best management practices to improve and promote milkweed growth on
utility right-of-ways, thereby, increasing monarch butterfly habitat and reproduction
potential. The objective of this research is to evaluate green antelopehorn response to
mechanical and chemical components of integrated vegetation management programs. It
is hypothesized that due to the plants unique physiological characteristics, it will tolerant
10

normal chemical and mechanical practices commonly used on right-of-ways and in
forage systems.
Other Possible Influences on Monarch Populations
There are three main speculations for monarch butterfly population decline: loss
of milkweed breeding habitat from herbicides, decrease in overwintering habitat from
logging, and extreme weather and climate change. Although few herbicides have shown
lethal impact on the bee populations, there is no evidence toward the monarch butterfly.
The proposed significant impact is indirect: fewer milkweed plants for larval
development results in fewer monarch butterflies (Hopwood et al. 2015). Illegal logging
in the protected Monarch Butterfly Special Biosphere Reserve has occurred since the
1970s, and continues even in the early 2000s after the Reserve was increased to 13,552
ha (Brower et al. 2012). Due to the distances monarch butterflies migrate each year,
weather could have an impact. Monarchs depend on wind currents and favorable weather
for fall migration to reach overwintering sites before freezing temperatures occur
(Brower 1996).
A final potential component of GMOs is the effect of Bacillus thuringiensis (Bt)
toxins on monarch adults that consume pollen. Losey et al. (1999) showed monarch
butterfly larva that consumed pollen from Bt genetically engineered corn not only had
decreased growth rates, but also exhibited only a 56% survival rate four days after
consumption. It is known that some Lepidoptera species are susceptible to some of the
Cry proteins, but not all, in Bt (Hansen et al. 2000). The Environmental Protection
Agency (EPA) concluded that genetically modified corn pollen was a negligible
influence on monarch decline (EPA 2001). Since their summary, multiple papers have
11

substantiated the EPA conclusion that there was minimal impact to monarch populations
by Bt resistance gene insertions compared to other factors (Sears et al. 2001; Hellmich et
al. 2001; Dively et al. 2004). These results are based from field and lab experiments
completed in the U. S. and Canada. Multiple factors were considered for this risk
assessment: density of Bt pollen on leaves, proportion of pollen deposited on leaves of
milkweed in and outside crop fields, overlap of instar larvae during corn anthesis.
Potential for significant threat to the monarch was only found in Cry1AB, which has been
diminished in the commercial industry (Dively et al. 2004). It was concluded that the
dominant corn hybrids planted do not express Cry1AB protein at a level sufficient to
impact the monarch. There was a significant reduction in density of pollen discovered 2-3
m from field edges. The likelihood of monarch larvae presence on milkweed at the time
corn pollen is typically shed is low, as corn anthesis typically only lasts 1-2 weeks (Sears
et al. 2001).
Another potential hazard, not only to monarch and other butterflies, but other
pollinator populations is vehicular casualties. Recommendations by the federal
government to increase monarch habitat along roadside right-of-ways may have failed to
consider the potential negative effects of vehicle collisions on pollinators. For six weeks
beginning in August, deceased Lepidoptera were collected and separated by species to
understand the impact of traffic flow on butterfly mortality in central Illinois. Along 2850
m of roadside sampled, 1824 casualties were recovered, which does not include
individuals that were completely destroyed or consumed by predators before sampling
(McKenna et al. 2001). The quantity of Lepidoptera recovered per 100 m of roadway
increased from 0.03 at 50 vehicles per day to 23.03 at 13,500 vehicles per day. Generally,
12

a roadway with higher traffic counts presents increased traffic speed. The higher rate of
vehicle counts per day resulted in fewer dead butterfly recovered, possibly because it is
impossible to collect every deceased individual or higher vehicle speed (greater than 55
mph) resulted in complete destruction of Lepidoptera. There was a positive correlation of
deceased Lepidoptera when traffic count and speed limit were increased (Mckenna et al.
2001). The monarch butterfly was the second highest species recovered, but numbers
varied by location. The authors also observed a positive correlation of more dead
monarch butterflies adjacent right-of-ways with higher populations of whorled milkweed
(McKenna et al. 2001). Skorka et al. (2013) observed butterfly causalities on roadsides in
Southern Poland and discovered an increase in mortality with increase in traffic. Rao and
Girish (2007) found that increase in traffic count resulted in an increase in insect
mortality. This valuable information should be considered when examining locations for
pollinator habitat.
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Figure 1.1

Monarch butterfly populations at overwintering sites in Mexico by total
area occupied.

The World Wide Funds of Mexico collects monarch butterfly population data by the total
area occupied in overwintering sites in Mexico. For 2017-2018 winter there was 2.48
hectares occupied by monarch butterflies.
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Figure 1.3

Monarch butterfly spring and fall migration patterns.

The United States Fish and Wildlife Services in partnership with the Monarch Joint
Venture have released the current spring and fall migration patterns of the monarch
butterfly. https://www.fws.gov/savethemonarch/pdfs/FWS_Monarch_Map_20180126.pdf
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CHAPTER II
MILKWEED (Asclepias viridis) RESPONSE TO COMMONLY USED HERBICIDES
IN RIGHT-OF-WAYS AND FORAGE SYSTEMS
Abstract
In May of 2016 and replicated in 2017, 41 herbicides treatments were applied to
green antelopehorn populations near Starkville, MS. Treatments were in a randomized
complete block design with an untreated control. Nonionic surfactant was added to
treatments that required it at 0.25% (v/v). Plants in two random 1 m² subsamples per plot
were counted the day of treatment application, one month after treatment, just prior to
frost, and the following spring (12 MAT) for long term evaluation. Based on differences
in stem counts from initial treatment to spring year following application, plots treated
with the following herbicides were no different than the untreated at location or year:
aminocyclopyrachlor, aminocyclopyrachlor+chlorsulfuron, aminopyralid,
aminopyralid+2,4-D, dicamba+2,4-D, foramsulfuron+iodosulfuronmethyl+thiencarbazone-methyl, fluroxypyr, hexazinone, metsulfuron,
metsulfuron+chlorsulfuron, nicosulfuron+metsulfuron, picloram+2,4-D, sulfometuron,
sulfosulfuron, and low rate of triclopyr choline. Green antelopehorn tolerates a wide
variety of broadleaf herbicides used in forage and utility right-of-ways vegetation
management systems. Compared to the untreated, the following treatments significantly
reduced green antelopehorn stem counts from initial count to following spring at both
locations applied: glyphosate, imazapyr, imazapyr+aminocyclopyrachlor+metsulfuron,
and the high rate of triclopyr ester. Five treatments reduced green antelopehorn stems
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compared to the untreated one year, but not the other: aminopyralid+metsulfuron,
picloram+2,4-D choline, high rate of triclopyr choline and low rate of triclopyr ester.
Introduction
Pollinators are vital for the economy, food system, and environment. The federal
government issued a memorandum in 2014 in an effort to increase pollinator populations
and habitat (Obama 2014). In 2013-2014, record low overwintering populations of
monarch butterfly (Danaus plexippus) were observed in Mexico occupying only 0.67
hectares compared to the 11.12 hectares observed in 2003-2004 winter (Anonymous
2016). In the memorandum issued from the White House, utility companies and
departments of transportation were specifically encouraged to improve pollinator habitat
through altered integrated vegetation and pest management programs on right-of-ways
(Obama 2014). The most common forms of vegetation control on established right-ofways are herbicide applications and mechanical.
The monarch butterfly and milkweed Asclepias have a very unique relationship.
The monarch depends solely on the milkweed for survival. It is described as a symbiotic
mutualistic relationship where the monarch depends on the milkweed for larval
development from egg to chrysalis and the milkweed depends on the monarch butterfly
for flower pollination. Since monarch larvae only feed on milkweed, it is logical that if
the milkweed populations decrease, monarch populations will also decline. The monarch
will only lay eggs on plants of the Asclepias genus due to larva consumption of milkweed
leaves.
Milkweed plants prefer habitats such as roadsides, forages or other grasslands,
and crop fields with loamy soils (Bhowmik 1994). Milkweeds are perennial, broadleaf
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forbs up to 2 m tall that propagate by seeds as well as horizontal roots; leaves are
prominently veined (Bhowmik 1994). Milkweed plants produce flowers in an umbel from
April to August that mature into seed pods (Elliott 1821, Anderson 1999). Stems and
leaves contain a milky latex which is the basis of the common name, milkweed
(Anderson 1999). Pleasants and Oberhauser (2013) suggested the decline in monarch
populations started in the late 1990s and early 2000s, which coincided with the
substantial increase of genetically modified crop production in the United States (Figure
2.1).

Figure 2.1

Percent of genetically engineered soybean, corn, and cotton acreage planted
in the United States form 1996-2017 (Anonymous 2017).

The United States Department of Agriculture estimated acreage of genetically
modified herbicide tolerant soybean increased from 17 percent in 1997 to about 70
percent in 2001, then over 90 percent by 2017. Genetically modified herbicide tolerant
corn acreage did not increase as quickly, however herbicide tolerant corn acreage rose to
50 percent in 2007. Genetically modified herbicide tolerant cotton acreage was estimated
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over 50 percent by 2001 and 91 percent in 2014 (Anonymous 2017). Bhowmik (1994)
concluded glyphosate provided 70% control of milkweed plants, but 2,4-D was not
effective based on research by Fletchall (1977) who estimated 67 to 88% common
milkweed control one year after application of glyphosate at rates up to 4.5 kg ai ha-1, but
no more than 33% control with rates of 2,4-D up to 4.5 kg ai ha-1.
Elliott (1821) characterized weediness of many plants in notes of his botanical
descriptions, but stated nothing pertaining to weediness about any of the 18 species of
Asclepias he described from South Carolina or Georgia. However, several authors have
included milkweed plants as some of the most troublesome weeds in U. S. agriculture.
Darlington (1847), described butterfly milkweed (A. tuberosa) as a weed that should be
replaced by more useful plants. In his later edition (Darlington 1859), he stated Cornutus’
milkweed (A. cornuti), was one of the most troublesome and difficult to control weed in
western U. S. agriculture, but again emphasized butterfly milkweed was not problematic.
Nearly forty years later, common milkweed (Asclepias syriaca) was listed as one of the
two hundred most troublesome weeds of U. S. agriculture (Anonymous 1896). Dewey
(1897) listed common milkweed as an example of the most difficult to control plants due
to running perennial roots. Jethro Tull (1733) stated the same fact nearly 2 centuries
prior to Dewey. Four species of Asclepias were described as troublesome weeds in
Canada and the United States (Georgia 1914). Burnside (1977) concluded common
milkweed was a hard-to-kill perennial weed that is a concern for farmers in North
America and, based not only on his research for chemical control, but also on years of
observations of farm land in Nebraska, would require special attention and specific
methods no longer used in no- or limited tillage crop production systems. Common
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milkweed and other related species were said to be problematic weeds with negative
effects on crop production and harvest (Bhowmik 1994). The perennial weed not only has
the potential to reduce crop yield, the milky, latex sap can create a fire hazard on
mechanical harvesting equipment by accumulating dust (Anderson 1999). Not only do
milkweeds infest cultivated lands, they are frequently found in pastures that contain
livestock. Milkweed plants contain various levels of cardiotoxic substances that can be
detrimental to mammals (Blackwell 1990). Common sense and reasonable understanding
must be used to decide where milkweed populations would benefit the most and be
encouraged to grow. With the United Nations Department of Economic and Social
Affairs projecting a world population of 9.8 billion people to feed by 2050 (UN 2017),
reduced crop or animal production makes roadsides and utility right-of-ways seem more
viable locations for milkweed cultivation and pollinator habitat.
Monarch Watch speculated overuse of herbicides along roadsides has created a
habitat that does not support the monarch butterfly (Anonymous 2016). Monarch Joint
Venture also speculated herbicide application combined with mowing along roadsides
and ditches destroys milkweed plants and habitat suitability (Anonymous 2018).These
statements have been made with no to limited scientific evidence while perpetuating a
negative perspective toward both right-of-ways and agricultural integrated vegetation
management practices. The research to verify increased milkweed populations through
reduced competition from other plants has been ignored (Burnside 1977). The objective
of this research was to determine tolerance and response of green antelopehorn to
herbicides commonly used to control undesirable woody brush, trees and other broadleaf
vegetation on right-of-ways and forages in an attempt to provide valuable information to
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assist in maintenance and potentially increased monarch butterfly habitat on those
application sites for Mississippi Department of Transportation, county roadway managers
and other interested parties.
Materials and Methods
Study sites were identified and treatments applied May 2016 to field populations
of established green antelopehorn. Due to the number of treatments and milkweed
infestations, herbicides were arbitrarily split into three groups and applied at separate
locations near Mississippi State University. The locations selected contained high
densities of green antelopehorn populations on blackland prairie fields harvested for hay
in Oktibbeha (33.35°N 88.73°W) and Lowndes (33.50°N 88.66°W) counties. Treatments
in Groups 1 and 3, Location 1 and 3, respectively, were applied adjacent in a hay field
located in the southeast corner of Oktibbeha county to 2.1 m by 9.1 m plots. Treatments
in Group 2 (Location 2) were applied in northwest Lowndes county near Mayhew
community to 1.9 m by 9.1 m plots. Two rates of each herbicide (0.5x and 1x) were
applied to plots in a randomized complete block design with 4 replications. Treatments
are presented in Tables 2.1 (Group 1), 2.2 (Group 2), and 2.3 (Group 3). All treatments
were applied with nonionic surfactant according to label recommendations at 0.25% v/v,
except glyphosate. Group 1 treatments were applied May 5, 2016 at Location 1. At the
time of treatment application, relative humidity measured 28%, air temperature 22 oC,
and wind 6.4 km h-1 from NNW. Soil at that site was a Kipling silty clay loam with pH
8.2 and CEC of 24.1. Group 2 treatments were applied May 6, 2016 at Location 2 on a
Kipling silty clay loam with pH 5.4 and CEC of 23.2. Air temperature that day was 22 oC
with 28% relative humidity and wind 6.4 km h-1 from NNW. Group 3 treatments were
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applied June 20, 2016 at Location 3 which contained soil similar to Location 1. Air
temperature was 30oC, 45% relative humidity, and wind 6.4 km h-1 from SSE. The same
treatments were applied in May 2017 at three new locations. Group 1 treatments were
applied at Location 4 on May 2, 2017 with an air temperature of 29oC, 51% relative
humidity, and wind WNW at 2.4 km h-1. Soil at the site was a silty clay loam with a pH
5.4 and CEC of 12.3. Group 2 treatments were applied on May 3, 2017 at Location 5 with
a loam soil with pH 5.9 and CEC of 16.6. Wind measured S at 6.4 km h-1, air temperature
of 26oC, and 57% relative humidity the day of application. Group 3 treatments were
applied on May 2, 2017 at Location 6 which had soil very similar to Location 4. Air
temperature was 30oC, 45% relative humidity, and wind WNW at 8.04 km h-1. Average
yearly rainfall for the region is 129.11 cm. The day of applications green antelopehorn
vigor was measured as the average stem density, plant height and growth stage recorded
for two randomly selected 1 m2 areas. A CO2 pressurized backpack sprayer equipped
with a 1.8 m wide boom with four XR8002VS TeeJet® nozzles was used to apply each
treatment at 3 mph in a spray volume of 142 L/ha. Milkweed response to treatments was
measured 30 days after treatment (DAT), at the end of summer (September) and again in
late spring (May) of 2017 (12 MAT). Visual estimates of green antelopehorn injury on a
scale of 0 an indication of no injury to 100 an indication of complete death of all green
antelopehorn, number of plants, plant height and growth stage data were recorded.
Variance of all data were analyzed with R Studio version 1.1.383 and differences of
means separated by Fisher’s LSMEANS with alpha level of P>0.05.
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Results and Discussion

Group 1 Treatments at Location 1 Stem Counts
Table A.1 displays P values of the statistical analysis of stem counts made at each
rating date for Group 1 treatments at Location 1. Of the four rating intervals, significant
differences were observed in stem counts May 2017 (12 MAT) after initial herbicide
treatments applied May 2016 (P <0.0001). To further understand the long term impact of
herbicide treatments on green antelopehorn populations, differences in the initial stem
counts and stem counts the following growing season (12 MAT) were calculated for each
treatment and a significance of P <0.0001 indicated there were differences among
treatments. Outliers were identified two standard deviations from the treatment average
and removed. Based on stem count differences between initial and spring the following
year, then compared to the untreated, seven treatments reduced green antelopehorn
populations: triclopyr ester at 1400.5 and 2800.9 g ae ha-1, picloram+2,4-D at
302.5+1120.4 g ae ha-1, imazapyr at 280.1and 560.2 g ae ha-1, and
aminopyralid+metsulfuron at 64.9 g ae ha-1+10.1 g ai ha-1 and 129.9 g ae ha-1+20.2 g ai
ha-1. All other treatments at Location 1 were no different than the untreated when
comparing differences of initial stem count to stem count one year later (Table A.1).
Group 1 Treatments at Location 4 Stem Counts
Group 1 herbicide treatments applied May 2017 at Location 4 were only different
at the May 2018 (12MAT) evaluation (P=0.0038). In an effort to understand the long
term response of green antelopehorn to herbicides, the difference in initial stem count and
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stem count 12 MAT provides a better view of the impact (P=0.0331). Outliers were
identified and removed from each treatment if more than two standard deviations from
the treatment average. Based on stem count differences between initial and the following
year, then compared to the untreated, four treatments reduced green antelopehorn
populations: imazapyr at 280.1 and 560.2 g ha-1, triclopyr choline at 2240.7 g ae ha-1, and
triclopyr ester at 2800.9 g ae ha-1 (Table A.4). Other treatments at Location 4 were no
different than the untreated when the difference in stem count from initial to 12 MAT
were compared. Due to a location by treatment statistical interaction of data from
Location 1 and 4 at the 12 MAT evaluation locations are discussed separately.
Group 2 Treatments Locations Combined Stem Counts
Stem count data from both locations that received Group 2 treatments were not
different when differences of initial stem count and 12 MAT stem count were calculated
(P=0.0015), therefore locations were combined. Outliers were identified and removed if
more than two standard deviations from the treatment averages. Although there were
differences among treatments, when treatments were compared to the untreated, only two
treatments were different: imazapyr+aminocyclopyrachlor+metsulfuron applied at 219.6
+159.7+51.6 or 442.6+319.3+102.3 g ai ha-1 (Table A.8).
Group 3 Treatments Locations Combined Stem Counts
Data from Locations 3 and 6 that received Group 3 treatments were combined. To
compare the effect from one growing season to the next, the focus was to calculate the
difference in stem count from initial application date to the following growing season and
compare treatments to the untreated (P<0.0001). Locations were not different at 4 MAT
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evaluation or when stem count differences were calculated, therefore data were combined
over locations. Although treatments were not different than the untreated at 4 MAT,
when stem count differences between initial and following growing season were
calculated, there were differences among treatments (Table A.9). Treatments that reduced
green antelopehorn stems compared to the untreated were glyphosate applied at rates of
1260.4, 2520.8, and 5041.7 g ha-1. Sulfosulfuron applied at 33.6 and 68.3 g ha-1 was also
different than the untreated, but the number of green antelopehorn stems was increased.
All other treatments were no different than the untreated. Glyphosate treatments
significantly reduced stem counts while sulfosulfuron treatments actually increased green
antelopehorn stem counts significantly more than the untreated (Table A.9).
Conclusion of Stem Counts
To conclude, of 41 herbicide treatments applied, few treatments were different
than the untreated control by 12 MAT. This may be due to removed plant competition to
create an environment more favorable for green antelopehorn populations. Sulfosulfuron
applied at 33.6 and 68.3 g ha-1 increased populations of green antelopehorn compared to
the untreated. Only seven herbicides reduced green antelopehorn populations confirming
the hypothesis that green antelopehorn milkweed is tolerant to commonly applied forage
and right of way herbicides. Previous research stated that few herbicides provided
satisfactory control of milkweeds (Bhowmik 1994).
Livestock or forage producers that want to reduce populations of toxic green
antelopehorn, treatments that can be applied with minimal harm to desirable forage
grasses are limited. Only triclopyr ester applied at 2800.9 g ae ha-1 controlled green
antelopehorn milkweed populations at both locations. Other treatments safe for forage
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applications were less consistent as they controlled populations at one location, but not
the other: triclopyr ester at 1400.5 g ae ha-1, triclopyr choline at 2240.7 g ae ha-1,
picloram+2,4-D at 302.5+1120.4 g ae ha-1, and aminopyralid+metsulfuron at 64.9 g ae ha1

+10.1 g ai ha-1 or 129.9 g ae ha-1+20.2 g ai ha-1. Producers have three other nonselective

herbicide options that successfully control green antelopehorn at both locations: imazapyr
at 280.1 and 560.2 g ae ha-1, imazapyr+aminocyclopyrachlor+metsulfuron applied at
219.6+159.7+51.6 and 442.6+319.3+102.3 g ai ha-1 or glyphosate applied at 1260.4,
2520.8, or 5041.7 g ae ha-1.
For utility and roadside right-of-ways where green antelopehorn populations are
desired, applicators have several options that will provide exceptional control of a wide
variety of broadleaf and woody plants without detriment to green antelopehorn
populations: aminopyralid at 61.6 and 122.1 g ae ha-1, aminopyralid+2,4-D at 57.1+466.1
or 115.4+933.3 g ae ha-1, triclopyr choline at 1120.4 g ae ha-1, fluroxypyr at 268.9 and
537.8 g ae ha-1, metsulfuron+chlorsulfuron at 20.2+6.3 or 40.3+12.6 g ai ha-1,
foramsulfuron+iodosulfuron-methyl+thiencarbazone-methyl at 31.0 and 61.9 g ai ha-1,
metsulfuron at 4.1 and 8.6 g ai ha-1, aminocyclopyrachlor at 140.1 and 210.1 g ae ha-1,
sulfometuron at 25.8 and 52.7 g ai ha-1, nicosulfuron+metsulfuron at 29.1+7.9 or
59.4+15.7 g ai ha-1, aminocyclopyrachlor+chlorsulfuron at 69.5+28.0 and 137.8+54.9 g ai
ha-1, hexazinone at 420.2 and 840.3 g ai ha-1, sulfosulfuron at 33.6 and 68.3 g ai ha-1,
dicamba+2,4-D at 184.9+531.1 or 364.1+1044.7 g ae ha-1. Inconsistent responses of
green antelopehorn between locations were observed with a few treatments. Additional
evaluation of triclopyr choline at 2240.7 g ae ha-1, triclopyr ester at 1400.5 g ae ha-1,
picloram+2,4-D at 302.5+1120.4 g ae ha-1, and aminopyralid+metsulfuron at 64.9 g
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ae+10.1 g ai or 129.9 g ae+20.2 g ai ha-1 are recommended because they were only found
to be significant at one location and not both when differences of green antelopehorn
initial and 12 MAT stem counts were compared to the untreated.
Percent Injury
For all three treatment groups, percent visual injury of green antelopehorn stems
was recorded one month after initial herbicide treatment and analyzed with Fisher’s
protected LSD test at P≤0.05. The following Group 1 treatments at Location 1 showed
more injury than the untreated control (P<0.0001): aminopyralid+metsulfuron at 129.9
ae+20.2 g ai ha-1, fluroxypyr at 268.9 and 537.8 g ae ha-1 imazapyr at 280.1 and 560.2 g
ae ha-1, triclopyr ester at 1400.5 and 2800.9 g ae ha-1, picloram+2,4-D at 147.9 ae+546.7
ae and 302.5 ae+1120.4 g ae ha-1, and triclopyr ester at 1400.5 and 2800.9 g ae ha-1.
Table (A.1) contains the mean percent injury recorded for each treatment. Group 1
treatments applied in 2017 at Location 4 presented similar injury results 30 DAT. The
following treatments resulted in significant injury compared to the untreated (P=0.0015):
aminopyralid + metsulfuron at 129.9 ae+20.2 g ai ha-1, fluroxypyr at 537.8 g ae ha-1,
imazapyr at 280.1 and 560.2 g ae ha-1, picloram+2,4-D at 1422.9 g ae ha-1, and triclopyr
choline at 2240.7 g ae ha-1 (Table A.4).
Even though there were no stem count differences among treatments at any
evaluation period at Location 2, the following treatments caused visual injury compared
to the untreated green antelopehorn at 30 DAT according to Fishers protected LSD with
P<0.05: imazapyr+aminocyclopyrachlor+metsulfuron applied at 219.6+159.7+51.6 and
442.6+319.3+102.3 g ai ha-1, hexazinone at 420.1 and 840.3 g ai ha-1, and metsulfuron at
21.3 g ai ha-1 (Table A.2).
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Although only two treatments at the Location 5 which received Group 2
treatments reduced initial green antelopehorn stem counts 12 MAT, multiple treatments
injured green antelopehorn more than the untreated control at 30 DAT:
aminocyclopyrachlor at 140.1 and 210.1 ae g ha-1, aminocyclopyrachlor+chlorosulfuron
at 69.5+28.0 and 137.8+54.9 g ai ha-1, imazapyr+aminocyclopyrachlor+metsulfuron
applied at 219.6+159.7+51.6 and 442.6+319.3+102.3 g ai ha-1, metsulfuron at 21.3 g ai
ha-1, metsulfuron+chlorosulfuron at 20.2+6.3 and 40.3+12.6 g ai ha-1(Table A.5).
Group 3 treatments at the Location 3 were a greater challenge to correctly identify
those plants with true herbicide injury or natural senescence. This location was different
than the others because treatments were applied in June and percent injury rated in July
when milkweed plants begin naturally senescing with mature seed pods. For this reason,
even the untreated appeared injured (P=0.0014). The following five treatments exhibited
more injury than the untreated: glyphosate at 1260.4, 2520.8, and 5041.7 ae g ha-1,
dicamba+2,4-D at 364.1+1044.7 ae g ha-1, and sulfosulfuron at 33.6 g ai ha-1 (Table A.3).
Group 3 treatments at Location 6 presented three treatments that showed significantly
more injury than the untreated 30 DAT (P>0.0001) glyphosate at 1260.4, 2520.8, and
5041.7 ae g ha-1 (Table A.6).
Conclusion of Percent Injury
Several herbicide treatments created significantly more injury than the untreated
in all three treatment groups. In an attempt to understand the physiology of green
antelopehorn, it appears to be a somewhat short lived perennial that begins to natural
senesce after seed maturity. To better understand green antelopehorn response to
commonly applied forage and right of way herbicides, differences in the number of stems
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12 MAT and at treatment application tells a more accurate story than percent visual
injury recorded 30 DAT.
Group 1 Treatments Locations 1 and 4 Combined Percent Reduction
In an effort to understand the long term response of these treatments percent
reduction of stem counts were calculate 12 MAT. To determine the initial population for
each replication of each location, the mean of all initial stem counts per replication was
calculated. Utilizing the mean initial stem count per replication and the 12 MAT mean
stem count per plot, percent reduction per plot was calculated. Formula (mean stem count
per replication 0 MAT – mean stem count per plot) / mean stem count per replication *
100. Locations were able to be combined with treatments (P<0.0001). Based on percent
reduction 12 MAT, nine treatments reduced green antelopehorn populations compared to
the untreated: aminopyralid+2,4-D at 115.4+933.3 g ae ha-1, aminopyralid+metsulfuron
at 64.9 g ae ha-1 +10.1 g ai ha-1 and 129.9 g ae ha-1+20.2 g ai ha-1, imazapyr at 280.1 and
560.2 g ha-1, picloram+2,4-D at 302.5+1120.4 g ae ha-1, triclopyr ester at 1400.5 and
2800.9 g ae ha-1, and triclopyr choline at 2240.7 g ae ha-1 (Figure 2.2). Of these only four
treatments were greater than 50 percent reduction: imazapyr at 280.1 and 560.2 g ha-1 and
triclopyr ester at 1400.5 and 2800.9 g ae ha-1. Other treatments were no different than the
untreated when percent reduction was calculated
Group 2 Treatments Locations 2 and 5 Combined Percent Reduction
Percent reduction of stem counts 12 MAT were calculated in an effort to
understand the long term response of Group 2 treatments. The initial mean stem count
population of each replication was used to calculate the percent reduction 12 MAT.
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Locations were able to be combined with treatments (P<0.0001). Based on percent
reduction 12 MAT, two treatments reduced green antelopehorn populations compared to
the untreated: imazapyr+aminocyclopyrachlor+metsulfuron applied at 219.6 +159.7+51.6
or 442.6+319.3+102.3 g ai ha-1. The following treatment nicosulfuron+metsulfuron at
29.1+7.9 g ai ha-1 was different than the untreated with a -34.0 percent reduction
indicating an increase in green antelopehorn stem count (Figure 2.3). All other treatments
were no different than the untreated.
Group 3 Treatments Locations 3 and 6 Combined Percent Reduction
Percent reduction of stem counts 12 MAT were calculated to understand the
response of green antelopehorn populations from one growing season to another.. The
initial mean stem count population of each replication was used to provide a more
representation of the population to calculate the percent reduction 12 MAT. The mean
stem count of each replication 0 MAT was utilized to calculate the percent reduction of
the mean stem count per plot of its respected replication. Locations were able to be
combined with treatments (P<0.0001). Treatments that reduced green antelopehorn stems
compared to the untreated were glyphosate applied at rates of 1260.4, 2520.8, and 5041.7
g ha-1 (Figure 2.4). All other treatments were no different than the untreated with four
treatments presenting a negative percent reduction indicating an increase in stem count.
Conclusion of Percent Reduction
Finally, of the 41 different herbicide treatments applied to green antelopehorn
only 14 treatments had a significant percent reduction of stem counts 12 MAT compared
to the untreated. Of those treatments that were different than the untreated, only nine
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treatments reduced populations greater than 50 percent. While some treatments indicated
an increase in population suggesting that by removing plant competition from the area
created an environment that was more suited for the green antelopehorn. Only 14
herbicide treatments reduced green antelopehorn populations confirming the hypothesis
that green antelopehorn milkweed is tolerant to commonly applied forage and right of
way herbicides. Previous research stated that few herbicides provided satisfactory control
of milkweeds (Bhowmik 1994).
Livestock or forage producers that desire to reduce populations of green
antelopehorn, treatments that can be applied with greater than 50 % population reduction
and with minimal harm to desirable forage grasses are limited to only triclopyr ester
applied at 1400.5 and 2800.9 g ae ha-1. Other treatments safe for forage applications were
less effective as they reduced populations less than 50 percent and would not provide
satisfactory control: aminopyralid+2,4-D at 115.4+933.3 g ae ha-1,
aminopyralid+metsulfuron at 64.9 g ae ha-1+10.1 g ai ha-1 or 129.9 g ae ha-1+20.2 g ai ha-1,
picloram+2,4-D at 302.5+1120.4 g ae ha-1, or triclopyr choline at 2240.7 g ae ha-1.
Producers have three other nonselective herbicide options that successfully controlled
green antelopehorn greater than 50 percent: imazapyr at 280.1 and 560.2 g ae ha-1,
imazapyr+aminocyclopyrachlor+metsulfuron applied at 219.6+159.7+51.6 and
442.6+319.3+102.3 g ai ha-1 or glyphosate applied at 1260.4, 2520.8, or 5041.7 g ae ha-1
(A.11).
For utility and roadside right-of-ways where green antelopehorn populations are
desired, applicators have several options that will provide excellent control of a wide
variety of broadleaf and woody plants without having an adverse impact on green
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antelopehorn populations: aminopyralid at 61.6 and 122.1 g ae ha-1, aminopyralid+2,4-D
at 57.1+466.1 g ae ha-1, triclopyr choline at 1120.4 g ae ha-1, fluroxypyr at 268.9 and
537.8 g ae ha-1, metsulfuron+chlorsulfuron at 20.2+6.3 or 40.3+12.6 g ai ha-1,
foramsulfuron+iodosulfuron-methyl+thiencarbazone-methyl at 31.0 and 61.9 g ai ha-1,
metsulfuron at 4.1 and 8.6 g ai ha-1, aminocyclopyrachlor at 140.1 and 210.1 g ae ha-1,
sulfometuron at 25.8 and 52.7 g ai ha-1, nicosulfuron+metsulfuron at 29.1+7.9 or
59.4+15.7 g ai ha-1, aminocyclopyrachlor+chlorsulfuron at 69.5+28.0 and 137.8+54.9 g ai
ha-1, hexazinone at 420.2 and 840.3 g ai ha-1, sulfosulfuron at 33.6 and 68.3 g ai ha-1,
dicamba+2,4-D at 184.9+531.1 or 364.1+1044.7 g ae ha-1 (Table A.10).
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1

Remedy Ultra
Vastlan

Triclopyr ester

Triclopyr choline

2.0 pt
4.0 pt

2240.7 ae

5.0 pt

2800.9 ae
1120.4 ae

2.5 pt

2.67 pt

302.5 ae+1120.4 ae
1400.5 ae

1.3 pt

2.0 pt

560.2 ae
147.9 ae+546.7 ae

1.0 pt

22.0 fl oz

537.8 ae
280.1 ae

11.0 fl oz

2.0 pt

115.4 ae+933.3 ae
268.9 ae

1.0 pt

3.0 oz

129.9 ae+20.2 ai
57.1 ae+466.1 ae

1.5 oz

7.0 fl oz

122.1 ae
64.9 ae+10.1 ai

3.5 fl oz

Product Rate
(product A-1)

61.6 ae

Rate
(g ha-1)

All treatments were applied with 0.25% v/v nonionic surfactant.

Graslan

Vista XRT

Fluroxypyr

Picloram + 2,4-D

GrazonNext HL

Aminopyralid + 2,4-D

Arsenal

Chaparral

Aminopyralid + metsulfuron

Imazapyr

Milestone

Aminopyralid

Trade name

Manufacturer

DOW AgroSciences

DOW AgroSciences

DOW AgroSciences

BASF

DOW AgroSciences

DOW AgroSciences

DOW AgroSciences

DOW AgroSciences

Herbicide rates and formulations applied in Group 1 at Location 1 and 4.

Common Name1

Table 2.1

Indianapolis, IN

Indianapolis, IN

Indianapolis, IN

RTP, NC

Indianapolis, IN

Indianapolis, IN

Indianapolis, IN

Indianapolis, IN

City, State
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1

Derigo
Velpar
Viewpoint
Escort XP
Cimarron
Plus
Pastora
Oust XP

Foramsulfuron + iodosulfuron +
thiencarbazone

Hexazinone

Imazapyr + aminocyclopyrachlor +
metsulfuron

Metsulfuron

Metsulfuron + chlorsulfuron

Nicosulfuron + metsulfuron

Sulfometuron

0.5 oz
1.0 oz

52.7 ai

1.5 oz

59.4 ai+15.7 ai
25.8 ai

0.75 oz

1.2 oz

40.3 ai+12.6 ai
29.1 ai+7.9 ai

0.6 oz

0.5 oz

21.3 ai
20.2 ai+6.3 ai

0.25 oz

20.0 oz

442.6 ai+319.3 ai+102.3 ai
10.1 ai

10.0 oz

3.0 pt

840.3 ai
219.6 ai+159.7 ai+51.6 ai

1.5 pt

6.0 oz

100.8 ai+10.1 ai+42.2 ai
420.2 ai

3.0 oz

5.0 oz

137.8 ai+54.9 ai
50.4 ai+5.0 ai+21.1 ai

2.5 oz

12.0 fl oz

210.1 ae
69.5 ai+28.0 ai

8.0 fl oz

Product Rate
(product A-1)

140.1 ae

Rate
(g ha-1)

All herbicide treatments were applied with 0.25% v/v nonionic surfactant.

Perspective

Aminocyclopyrachlor + chlorsulfuron

Trade name
Method

Common Name1

Herbicide rates and formulations applied in Group 2 treatments at Locations 2 and 5.

Aminocyclopyrachlor

Table 2.2

Bayer

Bayer

Bayer

Bayer

Bayer

Bayer

Bayer

Bayer

Bayer

Manufacturer

RTP, NC

RTP, NC

RTP, NC

RTP, NC

RTP, NC

RTP, NC

RTP, NC

RTP, NC

RTP, NC

City, State

38

1

Roundup
PowerMax

Outrider

Glyphosate

Sulfosulfuron

4.0 qt

5041.7 ae
0.65 oz

2.0 qt

2520.8 ae
33.6 ai

1.0 qt

1.3 qt

364.1 ae+1044.7 ae
1260.4 ae

Product Rate
(product A-1)
0.66 qt

Rate
(g ha-1)
184.9 ae+531.1 ae

Monsanto

Monsanto

Nufarm

Manufacturer

68.3 ai
1.3 oz
All herbicide treatments except Roundup Powermax included 0.25% v/v nonionic surfactant.

Weedmaster

Dicamba + 2,4-D

Trade name

Herbicide rates and formulations applied in Group 3 at Locations 3 and 6.

Common Name1

Table 2.3

St. Louis, MO

St. Louis, MO

Alsip, IL

City, State

% REDUCTION

Group 1 treatments percent reduction of
green antelopehorn at locations 1 and 3
120
A
AB
100
ABC
80 ABC
60
A-D
BCD
CDE C-F
C-F
40
C-G
C-G
D-G
D-G
20
0
-20
D-G
-40
EFG
FG
G
-60
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TREATMENTS
Figure 2.2

Percent reduction of green antelopehorn stem counts 12 months after
treatment of Group 1 herbicides.

Letters placed above the bars represents the significance of treatments according to
Fisher’s protected LSD test at P≤0.05.

Group 2 treatments percent reduction of
green antelopehorn at locations 2 and 5
A AB

100
60
40

CD

CD

20

CD

BC

CD CD CD
CD

CDE

CD CD

CDE

CD
CD CDE

0
DE

-20
-40

40

TREATMENTS
Figure 2.3

Percent reduction of green antelopehorn stem counts 12 months after
treatment of Group 2 herbicides.

Letters placed above the bars represents the significance of treatments according to
Fisher’s protected LSD test at P≤0.05.

VIEWPT20OZ

VIEWPT10OZ

VELPAR3PT

VELPAR1.5PT

UNTREAT

PERSPT5OZ

PERSPT2.5OZ

OUST1OZ

OUST0.5OZ

METHOD8FLOZ

METHOD12FLOZ

ESCORT0.5OZ

ESCORT0.25OZ

DERIGO6OZ

DERIGO3OZ

CIMPLUS1.2OZ

CIMPLUS0.6OZ

PASTOR3.0OZ

E

-60

PASTOR1.5OZ

% REDUCTION

80

% REDUCTION

Group 3 treatments percent reduction of
green antelopehorn at locations 3 and 6
140
120
100
80
60
40
20
0
-20
-40
-60
-80

A

A

A

B

B

B
B

B
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TREATMENTS
Figure 2.4

Percent reduction of green antelopehorn stem counts 12 months after
treatment of Group 3 herbicides.

Letters placed above the bars represents the significance of treatments according to
Fisher’s protected LSD test at P≤0.05.
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CHAPTER III
IMPACT OF MOWING ON GREEN ANTELOPEHORN MILKWEED
Abstract
In an attempt to follow the memorandum issued in 2014 from the White House to
develop and promote monarch pollinator habitat, studies were initiated to investigate the
impact of frequency and time of mowing, an essential component of integrated vegetation
management (IVM) programs on right-of-ways. In May 2017, two locations near
Starkville, MS with dense green antelopehorn populations, BE and NJ, were mowed
monthly or sequential monthly intervals. Initial green antelopehorn plant counts were
taken monthly as the average of two random 1 m² quadrants per plot, May through
August when milkweed populations had naturally senesced. Analysis of variance
indicated a significant interaction by location at the August evaluation, therefore, data are
presented by location. At location BE, there were no differences in treatments at any
evaluation period. At location NJ, there were no differences in treatments at the May,
July, or August evaluation. There were differences among treatments at the June
observation, but no treatment was different compared to the untreated. Analysis of stem
counts one month after each treatments’ final mowing compared to the corresponding
untreated stem counts, revealed increases in green antelopehorn stem numbers at the BE
location in plots mowed only in June or sequentially mowed in June and again in July.
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Due to the nature of this perennial species, it appears the majority of the population’s
growth cycle is completed in August prior to summers end in Mississippi.
Introduction
Pollinators, including the monarch butterfly (Danaus plexippus), are critical for
the economy, food system, and environment because a large portion of plants depend on
insect and other animal pollination for reproduction. Globally, animal pollination is
essential for 87 of the leading human food crops, not to mention the importance for
overall plant ecology and reproduction (Klein et al. 2007). Monarch butterflies are a
migratory species that travel from overwintering sites in Oyamel forest of Mexico and the
Pacific Grove in California to summer habitat in the United States and Canada (Miller et
al. 2012). Monarch populations are measured by the area occupied in overwintering sites
in Mexico. Monarch populations have been monitored since the overwintering site was
discovered in 1976 (Urquhart and Urquhart 1976). Record low populations of the
monarch butterfly were observed in the overwintering areas of Mexico the winter of
1994-1995 (Vidal & Rendón-Salinas 2014). Brower et al. (2012) hypothesized several
factors may contribute to the decline in monarch populations: reduced overwintering
habitat in Mexico due to deforestation, decrease in reproductive habitat in the United
States due to increased glyphosate herbicide applications to genetically engineered crops,
and extreme weather conditions disruptive to reproduction. Other factors, such as
increased predation, disease, or record warm, dry winters (Duffy and Fried 2012) are also
possible causes of the decline.
Monarch butterflies and milkweed plants have a special symbiotic relationship.
The monarch depends on the milkweed for larva habitat and the milkweed depends on the
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monarch for flower pollination. The monarch will only lay eggs on plants of the
Asclepias genus because the leaves are the sole food source for larva. With this special
relationship, if milkweed populations decrease, monarch populations also decline.
Milkweed plants prefer well drained loamy soils that are lightly disturbed, such as, but
not limited to, roadsides, pastures, cropland, and hayfields. Plants of the Asclepias genus
have erect stems with large tuberous roots and develop seed pods, both of which assist in
population spread (Bhowmik 1994). All species of Asclepias, with the exception of A.
tuberosa, contain a milky latex substance within the stem and leaves, hence the colloquial
name milkweed.
In 2014, the United States government issued a memorandum to create a federal
strategy to promote pollinator health. One component to promote pollinator health was
increase pollinator habitat along utility and roadside right-of-ways. Six objectives were
stated in the memorandum, one being to identify possible contributors to the decline in
monarch populations (Obama 2014). Organizations such as Monarch Watch have stated
that overuse of herbicides along the roadsides, increased crop production, and the use of
GMO crops has contributed to the decline of monarch butterfly and other pollinator
populations (Monarchwatch.org). Herbicide applications and increased mowing in
roadside ditches and agricultural margins is eradicating milkweed habitat even more from
rural areas.1 Speculative statements, such as these made with no scientific information to
support these assumptions on social media outlets inform the public with no facts.
Chemical and mechanical control are the two primary forms of integrated
vegetation management used on utility and roadside right-of-ways. To comply with the
1

monarchjointventure.org
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federal memorandum objective of a complete integrated vegetation management program
that will not only maintain, but increase milkweed populations to provide habitat for the
monarch butterfly, the impact of mechanical practices should be evaluated. Bhowmik
and Bandeen (1976) speculated mowing could increase common milkweed (Asclepias
syriaca) population density due to induced sprouts from underground roots. However,
since milkweed plants are perennial, once plants have successfully matured seed,
vegetation senesces until the following season. Fischer et al. (2015) investigated the
potential for milkweed’s natural response to mowing to increase monarch butterfly
reproduction in New York. They observed more monarch butterfly eggs on young
milkweed plants compared to older mature plants. In their study, fields mowed in July
produced younger plants which the female monarch preferred due to the quality of the
leaves needed for larva growth and development (Fischer et al. 2015). These previous
data provides information in an attempt to extend the availability of desirable monarch
habitat that is essential to increase monarch reproduction. Mechanical mowing has the
ability to control weeds while also increasing species diversity and has been documented
and utilized for years in prairie reconstruction (Kurtz 1994). The objective of this study
was to investigate the impact of mowing frequency and timing on green antelopehorn
(Asclepias viridis) in an attempt to investigate the regrowth potential of this perennial
plant.
Materials and Methods
Studies were initiated May 15, 2017 on established field populations of green
antelopehorn near Mississippi State University. Sites for this study were used for hay
production by the landowners, so also contained populations of mixed annual and
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perennial grasses. One of the selected sites was in Oktibbeha county (NJ) and was
predominantly bermudagrass; the other in Lowndes county (BE) was predominantly
native prairie grasses. However, soil at both sites was silty clay loam with pH 7 and CEC
above 30. Seven treatments (Table 3.1) evaluated were no mow; mow once May, June, or
July; sequential monthly mow with 30 day regrowth periods started May, or June (May +
June, June + July); as well a sequential monthly mowing with 60 day regrowth period
started in May (May + June + July). Treatments were replicated 4 times in a randomized
complete block design in plots 2.4 m by 9.1 m. A rotary mower was used to clip green
antelopehorn plants. Green antelopehorn stems in two randomly placed 1 m2 quadrants
were counted to evaluate treatments. Stems were counted prior to the initial mowing and
repeated before sequential mowing or one month following single mowed treatments. All
data were subjected analyzed for variance with R Studio version 1.1.383 and differences
among treatments separated by Fisher’s LSMEANS with significance greater than 0.05.
Results and Discussion
Since there was an interaction of treatment by location when data were analyzed,
data of each location is presented separately.
Location BE
There were no significant differences among treatments when stems were counted
in May, June, or July (Table 3.2). However, there were differences among treatments
when green antelopehorn stems were counted in August (Table 3.2, P=0.0055). Green
antelopehorn stem numbers counted in August had increased in plots mowed only in June
or mowed sequentially June + July compared to the unmowed control, an indication that
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green antelopehorn growth could be extended later in the season than normal by mowing
in June. Although data were not collected for differences in milkweed morphological
stage, it is theorized this mow timing prevents plants from maturing seed pods and forces
vegetative regrowth as the milkweed stems not mowed produce seed pods and senesced.
In an effort to examine closely at each individual treatment, stem counts for each
treatment one month after final mowing (1 MAT) were compared to the corresponding
stem counts of the unmowed control (Figure 3.1). Stem counts 1 MAT of sequentially
mowed May + June + July plots were no different than stem counts of the unmowed plots
in August. Green antelopehorn stems counted 1 MAT of the sequential June + July
mowed treatment plots were increased compared to the unmowed stem counts taken the
final evaluation in August. This result suggests mowing green antelopehorn in June and
again July can increase green antelopehorn stem numbers later in the summer compared
to not mowing. Thus, potential reproductive habitat for monarch larvae would be
available later in summer. Green antelopehorn stems mowed May + July were no
different than the unmowed when the final stems were counted in August. This could be
an indication that the majority of those plants had matured sufficiently to avoid regrowth
when clipped in July. Green antelopehorn mowed only in May were not different than the
untreated when stems were counted 1 MAT. However, green antelopehorn mowed only
in June had more stems than the unmowed 1 MAT. Bhowmik and Bandeen (1976) and
Anderson (1999) described common milkweed (Asclepias syriaca) stems emerge early in
the season from adventitious buds that developed the end of the prior growing season.
Stem removal that triggers axillary buds below the point of incision to grow has been
explained in plant physiology textbooks (Wareing and Phillips 1981). This could be the
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phenomenon that mowing at this timing removed apical meristem dominance and forced
green antelopehorn back into vegetative development stage compared to not clipping.
Treatments mowed only in July were no different than the untreated 1 MAT which
suggests most milkweed plants had already reached reproductive stage and matured seed
pods. Bhowmik and Bandeen (1976) measured carbohydrate levels in common milkweed
roots increased from a low of 10% in July to a maximum of 25% in October. Research in
Kansas in the 1930s eradicated buckbrush (Symphoricarpos spp.), ironweed (Vernonia
spp.), sumac (Rhus spp.), and vervain (Verbena spp.) when mowed while carbohydrate
reserves were lowest (Aldous 1935). However, some species had to be mowed multiple
times to eradicate. At the BE location in 2017, green antelopehorn mowed in June
produced stem regrowth which resulted in more stems counted 1 MAT in August
compared to all other treatments, including stems that were not mowed.
Location NJ
Table 3.3 shows green antelopehorn stems counted for each treatment at each
evaluation period. There were no difference in treatments in May (P=0.942) or July
(P=0.793) evaluations. Differences among treatments were detected June (P=0.0454),
although none were different compared to the untreated. At the August evaluation, no
live green antelopehorn plants were visible in the treatment or adjacent area, an indication
populations had completed the life cycle and senesced after seed pods matured. Stem
counts 1 MAT were compared to stems counted in unmowed plots that corresponded
with the evaluation month of each treatment. Treatments mowed in July were no different
than the unmowed stem counts in August. Green antelopehorn mowed May only was no
different than the unmowed green antelopehorn when counted 1 MAT. Similar results
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were observed with green antelopehorn mowed only in June when evaluations were made
1 MAT. Likewise no differences were detected in any mowed treatments when compared
to the unmowed throughout the growing season or even one month after mowing
application, regardless of the number of times or when plots were mowed. Figure 3.2
shows stem count means 1 MAT after the final mowing of each treatment along with
untreated stem counts at each evaluation to compare each treatment with appropriate
unmowed control.
Combined Locations
Monthly green antelopehorn stem counts evaluations at both locations were
pooled together. Locations were only significant at the August evaluation which would
be expected since location NJ did not contain any live milkweed stems. Table 3.4 shows
mean stem counts for each treatment and the P values indicate that there is no
significance P≤0.05 in May, June, or July were locations are combined.
Conclusion
Although similar trends were found at both study sites for May, June, and July
green antelopehorn stem counts, differences did occur at the final evaluation period.
Forage competition may have contributed to the difference. The NJ location was
primarily improved bermudagrass pasture and as the growing season progressed,
bermudagrass density may have restricted green antelopehorn regrowth since no live
plants were seen in the experimental or adjacent areas. The landowner confirmed no
herbicide had been applied to the entire field. Native grasses dominated the the BE
location. These species tend to grow in clumps, rather than spread, which may have
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created a more sustainable green antelopehorn populations into late summer unlike the
other location. This observation that green antelopehorn may persist more readily in sites
with clump grasses, rather than spreading species, such as bermudagrass or bahiagrass
and may partly explain why milkweeds were not frequently detected in the roadside
vegetation inventory (Maddox, personal communication).
Observations from the BE location indicate that mowing treatments in June and
ending in July did increase green antelopehorn stem counts into August compared to the
untreated. If an ecological objective is to prolong monarch larval development habitat,
mow green antelopehorn in June. All other treatments were no different than the
unmowed at any evaluation period. From this research, it can be concluded that mowing
practices do not have a negative impact on green antelopehorn populations, but when
mowed prior to seed pod development in a suitable location, can increase availability
later into the summer.
This concludes that mowing has little to no impact on green antelopehorn
populations. Common practice of mechanically mowing right-of-ways with rotary
mowers in May, June, and July can potentially increase green antelopehorn populations,
but by late summer majority of plants have produced seed pods and senesced.
.
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Table 3.1

Green antelopehorn mowing frequency and timing treatments applied at BE
and NJ locations in 2017

Treatment

Month
June
X
X

May
X

July
X
X
X

1
2
3
X
4
X
5
X
6
X
7
X indicates treatment was mowed after green antelopehorn stems were counted.

Table 3.2

Mean stem counts observed for each treatment at BE location at all four
evaluations.
Month Stem Count Observation1
Months
Mowed

Treatments

P value

May

June

July

August

0.2660

0.8380

0.0508

0.0055

1

May+June+July

4.1 a

3.5 a

1.9 ab

0.4 c

2

June+July

2.4 a

3.1 a

2.1 ab

1.8 ab*

3

May+July

3.1 a

3.9 a

2.5 a

0.8 bc

4

May

2.4 a

2.5 a

2.6 a

0.3 c

5

June

4.0 a

3.8 a

2.5 a

2.1 a*

6

July

3.0 a

3.8 a

0.6 b

0.8 bc

7

Untreated

3.6 a

3.0 a

0.9 b

0.0 c

1

Means within a column followed by the same letter are not significantly different
according to Fisher’s protected LSD test at P≤0.05.
*Denotes significant difference compared to the untreated.
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Table 3.3

Mean stem counts observed for each treatment at NJ location at all four
evaluations.
Month Stem Count Observation1
Months
Mowed

Treatments

P value

May

June

July

August

0.9420

0.0454

0.7930

0

1

May+June+July

4.9 a

2.0 b

2.3 a

0

2

June+July

3.4 a

3.4 ab

2.6 a

0

3

May+July

4.0 a

2.0 b

1.6 a

0

4

May

3.3 a

3.3 ab

2.4 a

0

5

June

3.9 a

5.3 a

2.8 a

0

6

July

3.6 a

4.3 a

2.6 a

0

7

Untreated

3.4 a

3.9 ab

2.0 a

0

1

Means within a column followed by the same letter are not significantly different
according to Fisher’s protected LSD test at P≤0.05.
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June+July

May+July

May

June

July

2

3

4

5

6

P
value

3.3 a

3.9 a

2.8 a

3.6 a

2.9 a

4.5 a

0.4640

May2

4.0 ab

4.5 a

2.9 b

2.9 b

3.3 ab

2.8 b

0.1230

June2

1.6 ab

2.6 a

2.5 ab

2.1 ab

2.4 ab

2.1 ab

0.1230

July2

0.8 bc

2.1 a*

0.3 c

0.8 bc

1.8 ab*

0

0

0

0

0

0

NJ

BE
0.4 c

0

0.0055

August3

7
Untreated
3.5 a
3.8 ab
1.4 b
0.0 c
0
Means within a column followed by the same letter are not significantly different according to Fisher’s protected LSD test at
P≤0.05. 2Stem count means are representing both locations combined.
3
Stem count means are separated by location due to locations significantly different when combined.
*Denotes significant difference when compared to untreated.

1

May+June+July

Months Mowed

Month Stem Count Observation1

Monthly mean stem count observations combined at location BE and NJ.

1

Treatments

Table 3.4

BE Location Mean Stem Counts 1 MAT
4
3.5
3

A
AB

AB

2.5

BC

2
1.5
1
0.5

CD

CD

CD

D
D

0
-0.5
-1
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Figure 3.1

Green antelopehorn stem counts 1 month after each treatments’ final
mowing application at location BE.

The letters placed above the bars represents the significance of treatments according to
Fisher’s protected LSD test at P≤0.05.

NJ Location Mean Stem Counts 1 MAT
5

4

A
AB

3

AB

B

2

1

C

C

C

C

C

0

-1
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Figure 3.2

Green antelopehorn stem counts 1 month after each treatments’ final
mowing application at location NJ.

The letters placed above the bars represents the significance of treatments according to
Fisher’s protected LSD test at P≤0.05.
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APPENDIX A

TABLES

60

61

Untreated

61.6 ae
122.1 ae
57.1 ae+466.1 ae
115.4 ae+933.3 ae
0.6 ae+0.1 ai
112.0 ae+20.2 ai
268.9 ae
537.8 ae
280.1 ae
560.2 ae
147.9 ae+546.7 ae
302.5 ae+1120.4 ae
1400.5 ae
2800.9 ae
1120.4 ae
2240.7 ae

P value

0.1802
5.4 abc
3.9 c
5.8 abc
6.9 ab
5.4 abc
5.8 abc
4.4 bc
5.0 bc
4.6 bc
4.8 bc
6.1 abc
7.9 a*
4.8 bc
5.6 abc
4.3 c
4.1 c
4.6 bc

0 MAT
0.7320
3.1 b
3.8 b
5.5 ab
6.9 a
4.1 ab
4.6 ab
4.1 ab
4.5 ab
4.8 ab
4.4 ab
5.8 ab
5.0 ab
4.6 ab
5.1 ab
3.9 b
4.4 ab
5.4 ab

1 MAT
0.1730
0.5 b
0.3 b
0.3 b
0.6 b
0.3 b
1.6 a*
0.8 b
0.4 b
0.5 b
0.4 b
0.8 b
0.8 b
0.3 b
0.3 b
1.0 ab
0.9 ab
0.8 b

4 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated.

1

Triclopyr choline

Triclopyr ester

Picloram+2,4-D

Imazapyr

Fluroxypyr

Aminopyralid+metsulfuron

Aminopyralid+2,4-D

Aminopyralid

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 1.

Common Name

Table A.1

<0.0001
4.9 abc
4.5 a-d
4.9 abc
5.9 ab
3.6 b-f
4.1 a-e
4.0 a-e
3.3 c-g
2.1 e-h*
0.8 h*
6.0 a
3.5 c-f
1.6 fgh*
1.0 gh*
4.8 a-d
2.5 d-h*
5.5 abc

12 MAT

0-12MAT DIFF
means1
<0.0001
-0.5 a-d
-0.4 a-d
-0.9 a-e
-1.0 a-e
-2.9 def*
-1.6 b-e*
-0.4 abc
-1.1 a-e
-2.5 c-f*
-4.0 f*
-0.1 ab
-4.4 f*
-3.1 ef*
-4.6 f*
1.1 a
-0.9 a-e
0.9 a

% Injury
1MAT
<0.0001
3.8 fg
6.9 d-g
5.6 d-g
6.9 d-g
6.9 d-g
13.1 cd*
15.6 bc*
23.1 b*
16.3 bc*
13.1 cd*
8.8 c-f*
11.3 c-f*
11.9 cde*
48.8 a*
5.0 efg
7.5 d-g
0.0 g

62
4.9
4.9
4.8
3.9
4.1
5.5
6.0
3.5
3.8
4.3

442.6 ai+319.3 ai+102.3 ai
10.1 ai
21.3 ai
20.2 ai+6.3 ai
40.3 ai+12.6 ai
29.1 ai+7.9 ai
59.4 ai+15.7 ai
25.8 ai
52.7 ai

Untreated

Sulfometuron

Nicosulfuron+metsulfuron

Metsulfuron+chlorsulfuron

4.1
3.5
3.0
2.6
3.4
3.4
3.3
3.3
3.6
1.8

ab
abc
abc
abc
abc
abc
abc
abc
abc
c

3.9 ab

4.4 a
3.4 abc
2.4 bc

2.9 abc

2.5 abc

2.3 bc

3.8 ab
4.1 ab

0.4174

1 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated.

1

4.8 a

219.6 ai+159.7 ai+51.6 ai

Imazapyr+aminocyclopyrachlor+
metsulfuron
a
a
a
a
a
a
a
a
a
a

6.0 a
4.5 a
4.3 a

100.8 ai+10.1 ai+420.2 ai
420.2 ai
840.3 ai

Hexazinone

Metsulfuron

5.3 a

5.5 a

137.8 ai+54.9 ai
50.4 ai+5.0 ai+21.1 ai

4.1 a

6.1 a
4.8 a

0.9080

69.5 ai+28.0 ai

140.1 ae
210.1 ae

P value

0 MAT

Foramsulfuron+iodosulfuron+
thiencarbazone

Aminocyclopyrachlor+
chlorsulfuron

Aminocyclopyrachlor

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 2.

Common Name

Table A.2

0.0
1.1
1.9
1.0
1.1
1.6
1.3
0.8
1.8
0.6

f
b-f
abc
b-f
b-f
a-d
b-f
c-f
a-d
c-f

0.5 def

2.8 a
0.6 c-f
0.8 c-f

2.1 ab

1.4 b-e

0.6 c-f

0.3 ef
0.1 ef

0.0014

4 MAT

0.6
3.5
3.8
3.8
2.6
6.4
3.6
2.5
4.0
2.3

e
bcd
a-d
a-d
b-e
a
a-d
b-e
a-d
cde

1.4 de

3.6 a-d
3.5 bcd
5.0 abc

3.8 a-d

3.6 a-d

4.0 a-d

4.1 a-d
5.1 ab

0.0592

12 MAT

-4.3
-1.4
-1.0
-0.1
-0.9
0.9
-2.4
-1.4
0.3
-2.0

e
b-e
a-e
a-d
a-e
ab
b-e
b-e
abc
b-e

-3.4 de

-2.4 b-e
-2.7 c-e
2.3 a*

-2.4 b-e

-1.9 b-e

-0.1 a-d

-2.0 b-e
0.4 abc

0-12MAT
DIFF means¹
0.0421

69.4
11.3
23.8
8.8
12.5
5.6
15.6
5.6
6.9
7.5

a*
ef
cd*
ef
ef
ef
de
ef
ef
ef

35.6 b*

9.4 ef
37.5 b*
29.4 bc*

5.6 ef

11.9 ef

7.5 ef

4.4 f
5.0 ef

% Injury
1MAT
<0.0001

63

untreated

3.6 ab

2.9 b

68.3 ai

3.6 ab

5041.7 ae
2.6 b

4.0 ab

2520.8 ae
33.6 ai

3.6 ab

5.1 a

364.1 ae+1044.7 ae
1260.4 ae

2.9 b

0.1400

184.9 ae+531.1 ae

P value

0 MAT

1.0 a

1.3 a

0.9 a

0.9 a

1.4 a

0.5 a

0.6 a

0.9 a

0.5260

1 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated.

1

Sulfosulfuron

Glyphosate

Dicamba+2,4-D

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 3.

Common Name

Table A.3

0.5 abc

0.9 ab

0.1 c

0.9 ab

0.9 ab

1.1 a

0.3 bc

0.0 c

0.0684

4 MAT

4.9 a

4.5 a

4.5 a

0.5 b*

1.0 b*

1.4 b*

4.5 a

4.5 a

<0.0001

12 MAT

1.3 a

1.6 a

1.9 a

-3.1 c*

-3.0 c*

-2.3 bc*

-0.6 abc

1.6 a

0-12MAT DIFF
means¹
<0.0001

41.3 d

51.3 cd

57.5 bc*

72.5 a*

63.8 abc*

65.0 ab*

60.0 ab*

53.8 bcd

% Injury
1MAT
0.0014
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Untreated

3.3 ab

2240.7 ae

2.8 ab

2.9 ab

4.4 a

2800.9 ae
1120.4 ae

1.9 b

2.4 ab

302.5 ae+1120.4 ae
1400.5 ae

1.4 b

1.9 b

560.2 ae
147.9 ae+546.7 ae

2.5 ab

3.5 ab

537.8 ae
280.1 ae

1.5 b

1.6 b

129.9 ae+20.2 ai
268.9 ae

1.3 b

3.4 ab

115.4 ae+933.3 ae
64.9 ae+10.1 ai

1.4 b

2.4 ab

122.1 ae
57.1 ae+466.1 ae

2.3 ab

0.4890

61.6 ae

P value

0 MAT

4.0 a

2.6 abc

2.6 abc

1.5 c*

2.0 abc

1.6 bc*

1.3 c*

1.8 bc*

2.5 abc

1.9 abc

1.8 abc

2.8 abc

2.6 abc

1.4 c*

2.0 abc

2.5 abc

3.5 ab

0.4047

1 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated

1

Triclopyr choline

Triclopyr ester

Picloram+2,4-D

Imazapyr

Fluroxypyr

Aminopyralid+metsulfuron

Aminopyralid+2,4-D

Aminopyralid

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 4.

Common Name

Table A.4

0.5 bc

0.6 bc

0.3 bc

0.0 c*

0.0 c*

0.4 bc

0.9 abc

0.0 c*

0.0 c*

1.0 ab

1.8 a

0.6 bc

0.5 bc

0.3 bc

1.0 ab

0.8 bc

0.4 bc

0.0650

4 MAT

4.0 a

1.5 bcd*

2.0 a-d*

0.1 d*

1.0 cd*

1.6 bcd*

1.9 a-d

0.1 d*

0.6 d*

4.0 a

2.0 a-d

1.7 bcd*

1.4 cd*

0.8 cd*

2.0 a-d

3.6 ab

2.9 abc

0.0038

12 MAT

1.2 a

-1.8 bc*

-0.9 abc

-2.7 c*

-0.9 abc

-0.8 abc

0.5 ab

-1.8 bc*

-2.6 c*

0.5 ab

0.5 ab

0.1 ab

0.1 ab

-0.4 abc

0.6 ab

0.3 ab

-0.6 abc

0-12MAT DIFF
means1
0.0331

0.0 f

32.5 ab*

12.5 c-f

17.5 b-f

15.0 b-f

21.3 b-e*

12.5 c-f

30.0 abc*

33.8 a*

45.0 a*

20.0 b-f

22.0 bcd*

6.0 def

20.0 b-f

7.5 def

12.5 c-f

2.5 ef

% Injury
1MAT
0.0015

65
4.0
5.3
3.6
5.5
4.4
4.1
3.1
3.4
4.0
4.1

442.6 ai+319.3 ai+102.3 ai
10.1 ai
21.3 ai
20.2 ai+6.3 ai
40.3 ai+12.6 ai
29.1 ai+7.9 ai
59.4 ai+15.7 ai
25.8 ai
52.7 ai

Imazapyr+aminocyclopyrachlor+
metsulfuron

Untreated

Sulfometuron

Nicosulfuron+metsulfuron

Metsulfuron+chlorsulfuron

1.1
5.1
2.9
3.9
3.5
3.9
3.5
4.4
3.5
4.8

f*
a
b-f
a-d
a-e
a-d
a-e
abc
a-e
ab

2.0 def*

4.9 a
2.8 c-f*
1.6 ef*

3.9 a-d

3.5 a-e

3.4 a-e

3.3 a-e
3.8 a-d

0.0040

1 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated.

1

4.1 ab

219.6 ai+159.7 ai+51.6 ai

Hexazinone

Metsulfuron

5.3 ab
4.9 ab
4.1 ab

100.8 ai+10.1 ai+420.2 ai
420.2 ai
840.3 ai

ab
ab
ab
a
ab
ab
b
ab
ab
ab

5.0 ab

3.9 ab

137.8 ai+54.9 ai
50.4 ai+5.0 ai+21.1 ai

3.4 ab

3.1 b
4.3 ab

0.7770

69.5 ai+28.0 ai

140.1 ae
210.1 ae

P
value

0 DAT

Foramsulfuron+iodosulfuron+
thiencarbazone

Aminocyclopyrachlor+
chlorsulfuron

Aminocyclopyrachlor

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 5.

Common Name

Table A.5

0.0
0.4
0.3
0.0
0.0
0.0
0.9
0.5
1.4
0.1

c
bc
bc
c
c
c
ab
bc
a*
bc

0.0 c

0.8 abc
0.0 c
0.1 bc

0.3 bc

0.0 c

0.3 bc

0.0 c
0.0 c

0.0332

4 MAT

0.6
2.8
1.8
3.1
2.9
5.3
3.6
4.6
4.1
4.0

gh*
c-g
e-h
b-f
c-f
ab
a-e
abc
a-d
a-d

0.0 h*

5.6 a
4.0 a-d
3.1 b-f

4.6 abc

1.8 e-h*

2.9 c-f

2.1 d-h
1.4 fgh

<0.0001

12 MAT

-3.4
-2.5
-1.9
-2.4
-1.5
1.1
0.5
1.3
0.1
-0.1

fg*
d-g
c-g
c-g
b-g
ab
abc
ab
a-d
a-e

-4.1 g*

1.9 a
-0.9 a-f
-1.0 a-f

-0.4 a-e

-2.1 c-g

-0.5 a-f

-1.0 a-f
-2.9 efg

0.0034

0-12MAT
DIFF means¹

65.0
7.5
15.0
22.5
26.3
2.5
10.0
5.0
0.0
0.0

a*
f-i
c-g*
cd*
c*
hi
e-i
ghi
i
i

50.0 b*

10.0 e-i
7.5 f-i
5.0 ghi

0.0 i

17.5 c-f*

7.5 f-i

12.5 d-h*
21.3 cde*

<0.0001

% Injury
1MAT

66

2.4 a

2.5 a

68.3 ai

2.8 a

5041.7 ae
2.6 a

2.5 a

33.6 ai

1.8 a

2520.8 ae

3.4 a

364.1 ae+1044.7 ae
1260.4 ae

2.1 a

0.8939

184.9 ae+531.1 ae

P value

0 MAT

5.3 a

2.4 bc*

4.3 ab

1.3 c*

1.9 bc*

2.4 bc*

1.9 bc*

2.5 bc*

0.0844

1 MAT

0.9 abc

0.9 abc

1.6 a

0.4 bc

0.0 c

0.6 abc

1.1 abc

1.3 ab

0.1801

4 MAT

Outliers were identified 2 standard deviations from the average and removed.
*Means that are different than the untreated.

1

untreated

Sulfosulfuron

Glyphosate

Dicamba+2,4-D

Rate (g ha-1)

Green antelopehorn mean stem counts observed at Location 6.

Common Name

Table A.6

1.5 bc

3.4 a*

4.0 a*

0.0 c

0.3 c

0.6 c

2.9 ab

2.9 ab

<0.0001

12 MAT

-1.7 c

1.6 a*

2.3 a*

-2.0 c

-2.3 c

-1.1 bc

0.7 ab*

0.8 ab*

12 MAT DIFF
means¹
<0.0001

5.0 c

5.0 c

12.5 bc

32.5 a*

33.8 a*

20.0 b*

5.0 c

12.5 bc

% Injury
1MAT
<0.0001

Table A.7

Group 1 treatments both Locations 1 and 4. Percent reduction and
difference green antelopehorn mean stem counts 0-12 months after
treatment.

Common Name

Rate (g ae ha-1)

Mean Stem Counts

Location3
P value
Aminopyralid
Aminopyralid + 2,4-D
Aminopyralid +
metsulfuron
Fluroxypyr
Imazapyr
Picloram + 2,4-D
Triclopyr ester
Triclopyr choline

61.6
122.1
57.1+466.1
115.4+933.3
64.9+10.1**
129.9+20.2**
268.9
537.8
280.1
560.2
147.9+546.7
302.5+1120.4
1400.5
2800.9
1120.4
2240.7

Untreated
1

0-12 MAT
DIFF12
1
<0.0001
-0.5 a-d
-0.4 a-d
-0.9 a-e
-1.0 a-e
-2.9 def*
-1.6 b-e*
-0.4 abc
-1.1 a-e
-2.5 c-f*
-4.0 f*
-0.1 ab
-4.4 f*
-3.1 ef*
-4.6 f*
1.1 a
-0.9 a-e
0.9 a

0-12 MAT
DIFF12
4
0.0331
-0.6 abc
0.3 ab
0.6 ab
-0.4 abc
0.1 ab
0.1 ab
0.5 ab
0.5 ab
-2.6 c*
-1.8 bc*
0.5 ab
-0.8 abc
-0.9 abc
-2.7 c*
-0.9 abc
-1.8 bc*
1.2 a

Percent Reduction
12 MAT1
1, 4
<0.0001
-10.3 d-g
-24.7 efg
4.9 d-g
26.6 c-f*
28.9 cde*
23.0 c-f*
14.9 c-g
-26.1 fg
64.4 abc*
90.3 a*
1.0 d-g
33.6 bcd*
63.4 abc*
88.0 ab*
12.8 c-g
39.0 a-d*
-34.4 g

Means within a column followed by the same letter are not significantly different
according to Fisher’s protected LSD test at P≤0.05.
2
Outliers were identified 2 standard deviations from the average and removed.
3
Stem count data could not be combined for 0-12 MAT differences, but could be for
percent reduction.
*Denotes significant difference compared to the untreated.
**Indicates product formulation is (g ai ha-1).
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Table A.8

Group 2 treatments combined Locations 2 and 5. Percent reduction and
difference green antelopehorn mean stem counts 0-12 months after
treatment.
Common Name

Rate (g ai ha-1)

Mean Stem Counts
0-12 MAT
DIFF12
P value

Aminocyclopyrachlor
Aminocyclopyrachlor + chlorsulfuron
Foramsulfuron + iodosulfuron +
thiencarbazone
Hexazinone
Imazapyr + aminocyclopyrachlor +
metsulfuron
Metsulfuron
Metsulfuron + chlorsulfuron
Nicosulfuron + metsulfuron
Sulfometuron

140.1**
210.1**
69.5+28.0
137.8+54.9
50.4+5.0+21.1
100.8+10.1+42.2
420.2
840.3
219.6+159.7+51.6
442.6+319.3+102.3
10.1
21.3
20.2+6.3
40.3+12.6
29.1+7.9
59.4+15.7
25.8
52.7

Untreated
1

0.0015
-1.5 bc
-1.3 bc
-0.3 abc
-2.0 cd
-1.3 bc
-0.3 abc
-1.7 bcd
0.5 ab
-3.8 d*
-3.8 d*
-1.9 cd
-1.4 bc
-1.3 bc
-1.2 bc
1.0 a
-0.9 abc
0.0 abc
0.2 abc
-1.1 abc

Percent
Reduction 12
MAT1
<0.0001
34.3 cd
31.5 cd
18.4 cd
40.8 bc
0.8 cde
-3.8 de
13.4 cd
7.0 cde
84.8 a*
82.7 ab*
26.3 cd
36.0 cd
21.3 cd
34.8 cd
-34.0 e
17.9 cd
12.6 cd
5.7 cde
30.4 cd

Means within a column followed by the same letter are not significantly different
according to Fisher’s protected LSD test at P≤0.05.
2
Outliers were identified 2 standard deviations from the average and removed.
3
Stem count data could not be combined for 0-12 MAT differences, but could be for
percent reduction.
*Denotes significant difference compared to the untreated.
**Indicates product formulation is (g ae ha-1).
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Table A.9

Group 3 treatments combined Locations 3 and 6. Percent reduction and
difference green antelopehorn mean stem counts 0-12 months after
treatment.

Common Name

Rate (g ae ha-1)

Mean Stem Counts
0-12MAT
DIFF12
P value

Dicamba + 2,4-D
Glyphosate

Sulfosulfuron

184.9+531.1
364.1+1044.7
1260.4
2520.8
5041.7
33.6**
68.3**

untreated
1

<0.0001
1.2 ab
0.4 b
-1.7 c
-2.6 c
-2.6 c
2.1 a*
2.0 a*
-0.1 b

Percent Reduction
12 MAT1
<0.0001
-39.3 b
-5.4 b
84.0 a*
83.0 a*
94.6 a*
-9.7 b
-29.6 b
11.8 b

Means within a column followed by the same letter are not significantly different
according to Fisher’s protected LSD test at P≤0.05.
2
Outliers were identified 2 standard deviations from the average and removed.
3
Stem count data could not be combined for 0-12 MAT differences, but could be for
percent reduction.
*Denotes significant difference compared to the untreated.
**Indicates product formulation is (g ai ha-1).
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Rate (g ha-1)
140.0, 210.1 ae
69.5+28.0, 137.8+54.9 ai
61.6, 122.1 ae
57.1+466.1ae
184.9+531.1, 364.1+1044.7 ae
50.4+5.0+21.1, 100.8+10.1+42.2 ai
268.9 ae, 537.8 ae
420.2, 840.3 ai
10.1, 21.3 ai
20.2+6.3, 40.3+12.6 ai
29.1+7.9, 59.4+15.7 ai
147.9 ae
25.8, 52.7 ai
33.6, 68.3 ai
1120.4 ae

Aminocyclopyrachlor
Aminocyclopyrachlor+chlorsulfuron
Aminopyralid
Aminopyralid+2,4-D
Dicamba+2,4-D
Foramsulfuron+iodosulfuron+thiencarbazone
Fluroxypyr
Hexazinone
Metsulfuron
Metsulfuron+chlorsulfuron
Nicosulfuron+metsulfuron
Picloram+ 2,4-D
Sulfometuron
Sulfosulfuron
Triclopyr choline

Product Rate
(product A-1)
8, 12 fl oz
2.5, 5 oz
3.5, 7 oz
1 pt
0.66, 1.3 qt
3, 6 oz
11, 22 fl oz
1.5, 3 pt
0.25, 0.5 oz
0.6, 1.2 oz
0.75, 1.5 oz
1.3 pt
0.5, 1 oz
0.65, 1.3 oz
2 pt

Treatments that were no different than the untreated when comparing percent reduction 12 MAT.
Common Name

Table A.10
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1260.4 ae, 2520.8 ae, 5041.7 ae
280.1 ae, 560.2 ae

64.9 ae+10.1 ai, 129.9 ae+20.2 ai

115.4+933.3ae

Rate (g ha-1)

2240.74 ae
1400.5, 2800.9 ae

Triclopyr choline

Triclopyr ester

Imazapyr+aminocyclopyrachlor+metsulfuron 219.6 ai+159.7 ai+51.6 ai
442.6 ai+319.3 ai+102.3 ai
Picloram+2,4D
302.5 ae + 1120.4 ae

Glyphosate
Imazapyr

Aminopyralid+metsulfuron

1

Common Name

5 pt

4 pt

2.67 pt

10, 20 oz

1, 2, 4 qt
1, 2 pt

1.5, 3 oz

Product Rate
(product A-1)
2 pt

Treatments that reduced populations and were different than the untreated comparing percent reduction 12 MAT.

Aminopyralid+2,4-D

Table A.11

